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Tha  purpoaa  of  chit  work  la  ce  undaratand  an 
Important  dagradatlon  awchanlta  In  SchoCtky  barrlar 
photodatactora  and  aolar  calla.  Tha  I-V  eharaccar* 
lacca  of  Au>nSi  davlcaa  undar  Illumination  ahow  a 
pronouncad  photoeurrant  aupprattlon  at  low  volcagaa 
In  tha  pratanca  of  an  Intarfaclal  oxlda  layar  of 
thlckoaaa'^^20  A (Incantlonally  Incroducad)  but 
no  auppraaal^  In  tha  caaa  of  a carafully  praparad 
naar-lnclowta  contact.  Tha  analyala  of  chaaa 
davlcaa  takaa  Into  account  tha  axchanga  of  charga 
carrlara  bacwaan  Intarfaca  atataa  and  tha  tMCal 
(by  tunneling)  and  between  thaae  atataa  and  the 
conduction  and  valance  banda  In  the  aemlconductor . 
As  auggested  by  the  experiments,  this  shows  that 
recombination  In  tha  Interface  atataa  can  be 
Important  only  In  the  presence  of  a significant 
Intarfaclal  layar. 
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of  Illumination  Intensity  (white  light),  which 
shows  that  the  shorC'clrcult  photoeurrant  la  not 
suppressed  by  tha  (unavoidable)  ^ 10  A oxide 
grown  before  evaporation.  On  the  other  hand,  for 
an  MIS  diode  with  d 33  A (Fig. 3),  photocurrant 
suppression  la  pronounced  for  samll  reverse 
voltages.  We  note  chat  for  aufflclent  reverse  bias 


The  transport  properties  of  MlS-Schottky 
barriers  have  received  conalderable  attention  In 
recent  yeara  (aaa,  for  example  refs.  1*3).  Less 
effort  has  been  directed  towards  the  effects  of 
optical  Illumination  on  these  properties  (4,3)  and 
In  this  paper  we  consider  one  aspect  of  this 
transport:  the  collection  of  phocogeneraced  carrl* 
era  and  the  recombination  of  these  carriers  In 
Interface  stataa.  This  description  Is  found  to 
account  In  a qualitative  aunner  for  the  mechanism 
of  photocurrant  suppression  In  MlS-SchotCky  barrier 
quantum  datectora  and  solar  cells.  We  distinguish 
between  these  applications  by  pointing  out  Chat 
unlike  solar  calls,  quantum  detectors  are  operated 
In  reverse  bias  and  at  generally  much  lower  illuml* 
nation  Intensities. 


Au  Schottky  barriers  of  area  0.03  cm^  were 
fabricated  on  n*type  silicon  epl*layers  of  resisti- 
vity 7 n*cm  by  evaporation  at  a pressure  of  10~* 
torr.  Oxidation  In  dry  oxygen  was  carried  out  at 
720‘’C  and  Che  oxide  thickness,  d,  ranged  from  20  A 
to  30  A.  Schematic  structure  of  the  HI8*Sehoctky 
diode  and  lea  energy  band  diagram  are  shown  In 
Flg.l.  Tha  I*V  characteristics  In  reverse  bias 
(metal  negative)  for  a near- Ideal  diode  with  no 
intentional  oxlda  are  shown  In  Fig. 2 aa  a function 
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photocurrent  suppression  effects  are 
roBoved,  such  that  for  tha  same  Illumination  level, 
the  collected  photocurrent  J-h  Is  the  same  for  all 
our  oxide  thicknesses  and  equal  to  chat  of  the 
near-ideal  diode  of  Fig. 2.  The  magnitude  of  Che 


threshold  voltage  Increaaea  with  Illumination 


Intensity,  and  is  also  observed  to  Increase  with 
oxide  thickness.  Moreover  the  value  of  the  short- 
circuit  current  density  Ja«  decreases  with  oxlda 
thickness.  The  ratio  J^/Jp|,  Is  a twaaura'of  the 
photocurrent  suppression,  and  Che  experimental 
data  la  shown  In  Fig. 4 for  different  oxide 
thicknesses. 


DISCUSSION 


As  noted  previously  (3),  for  MlS-SchoCtky 
barriers  with  ultra-thin  oxide  layers  (<  20  A), 
Interface  states  located  at  the  slllconToxlde 
Interface  are  In  equlllbrlua  with  the  metal.  This 
swans  that  for  MIS-Sebottky  barrier  phetodatectora, 
when  the  Interface  states  capture  an  optically 
generated  hole,  they  release  this  hole  ce  the  awtal 
before  an  electron  can  be  captured  from  the  conduc- 
tion band  to  complete  the  racoadilnatlon  process. 
Interface  states  do  not  In  this  case  constitute  a 
recombination  current  and  Instead,  this  process 
contributes  Co  Che  collected  photocurrent. 


Tha  short-circuit  energy  band  diagram  for  an 
MlS-Schottky  barrier  under  Illumination  la  shown  In 
Fig. 3(a).  FhotogeneraCed  holes  are  supplied  to  the 
semiconductor  surface  by  drlfc-dlffuslon  processes 
represented  by 


dE, 


P dx 


(1) 


For  a sufficiently  thin  oxide  (d  20  A)  these 
holes  are  readily  rasMved  by  tunneling  Into  the 
metal.  Under  these  conditions  the  photocurrent 
collected  obtains  Its  swxlsnmi  value,  determined  by 
the  Illumination  level. 
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A*  th«  oslda  chicknais  Incremiea,  the  tunnel* 
Ing  prpbebtlity  It  dlalntihed  by  the  factor 

•>P(*X*<i)  where  x *'■  everege  potentlel 
barrier  of  the  oxide  for  holet  tunneling  Into  the 
■etel.  For  d 2 20  A (In  the  Au-S102*nSl  tyttan) 
we  have  obterved  that  the  oxide  beglna  to  Unit  the 
collected  photocurrant.  The  concentration  of  holes 
at  the  silicon  surface  Increases  and  this  reduces 
the  net  current  supplied  froe  the  neutral  region  by 
Increasing  the  diffusion  of  holes  In  the  opposite 
direction.  The  quasl*Farsil  level  for  holes  be- 
comes relatively  flat  In  the  depletion  region 
(d  Efp/dx  Is  ssull  in  (1))  and  novas  closer  to  By 
at  the  surface. 


At  the  sasM  tine  the  tunnel  current  of  holes 
Into  the  natal I given  by  (3) 

Annj^qCKT)^ 

T •m  - - ** 

* h^Hy 


p(o)exp(-x  d) 


(2) 


Increases  due  to  the  Increase  In  p(o) , the  hole 
concentration  at  tha  surfaca.  A balance  is  struck 
for  which.  In  the  absence  of  significant  reconbl- 
natlon  In  Interface  states,  J.  ■ and  this 
occurs  for  e sswllar  currant  then  was  obsarved  for 
thlnnar  oxldas,  whore  the  current  was  not  tunnel- 
limited.  We  sea  therefore  that  suppression  of  the 
photocurrant  collected  at  saro  bias  occurs  for 
d 2 20  A even  In  tha  absence  of  Interface  statas. 


oxides  ^ 20  A. 


If  tha  MlS-Schottky  barrier  photodatactor  Is 
placed  under  a substantial  reverse  bias,  part  of 
the  voltage  will  be  developed  across  tha  oxide  and 
this  In  turn  reduces  the  effective  barrier  x*  A 
larger  tunneling  prohablllty  will  allow  an  Increas- 
ed and  the  hole  concentration  at  the  silicon 
surface  will  be  depleted.  This  Increases  the  net 
hole  drift-diffusion  current,  Jp,  towards  the  sur- 
faca and  Ifp  rises  towards  the  natal  Fernl  level 
(Flg.S(b)).  For  sufficient  reverse  bias,  the 
■hort-clrcult  current  Is  again  United  by  the 
photogeneration  rate,  at  In  the  oxide-free  cate. 

It  la  alto  clear  qualitatively  that  for  an  MIS 
diode,  tha  threshold  reverse  bias  (Vy)  for  ellnl- 
natlon  of  suppression  Ineraasct  with  Intensity 
since  sure  tunnel  current  sMist  be  passed  end  for  a 
fl*o^  Intensity,  Vy  should  Increate  with  the  oxide 
thickness.  This  It  In  accordance  with  experlawntal 
data  shown  In  Fig. 6 for  3 different  oxide 
thicknesses. 

Further  Investigation  It  under  way  regarding 
tha  dependence  of  photocurrent  suppression  on 
oxide  thickness  and  Interface  state  paraawters. 

We  believe  that  the  threshold  Vy  for  the  complete 
collection  of  photocurrent  and  the  shape  of  the 
photocurrant-voltage  curvea  will  help  to  a basic 
understanding  of  Interface  state  processes. 
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Let  ua  now  consider  further  tha  case  of 
d > 20  A and  Include  the  effects  of  Interface  state 
recombination.  Under  noraml  operating  conditions, 
the  hole  concentration  p(o)  at  tha  surface  la  much 
greater  than  the  electron  concentration  n(o).  This 
naans  that  racomblnatlen  In  Interface  states 
(capture  by  these  states  of  an  hole  followed  by 
capture  of  an  electron)  Is  United  by  the  capture 
rate  of  electrons,  which  for  states  below  the 
electron  Fernl  level  Bp„,  Is  described  by  (6) 


Jrec  “ <*owI(2-On(o)l 


(3) 


where  N,  a ere  the  density  and  electron  capture 
croas-seetlon  of  Interface  states,  v la  tha 
thamel  velocity  of  electrons,  f la  the  occupancy 
function  of  Interface  states  and  n(o)  la  the  sur- 
face concentration  of  electrons.  For,,  tsrplcal 
values  B “•  1032  states  cn*2,  g - 10**’ cn*  and 
n(o)  *•  lo’  cn*^  (detamlned  by  a Schottky  barrier 
height  of  O.b  eV  for  tha  Au-nSl  device), 

“ 10*'®  A en*2.  This  any  greatly  undar- 
eatlnate  for  oxides  with  positive  charges  In 
which  ease  will  be  reduced  from  0.8  aV  end  n(o) 
will  Increase  considerably.  Large  values  of  O 
have  also  bean  observed  for  interface  states  In 
these  devices  (7)  under  certain  conditions  (choice 
of  natal,  oxide  thickness  and  saaqple  annealing). 
Frovlded  JgC’  Interface  state  recombination 

does  not  further  suppress  tha  photocurrent  beyond 
that  suppression  due  to  the  oxide  layer  alone. 

At  low  Illumination  levels,  and  for  lower  Schottky 
barrier  height  Interface  recombination  will 

have  a suijor  effect  on  photocurrent  suppression  for 
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